Action of Serum on the Multiplication of Lymphocytes in
Vitro.--Fragments of embryo spleen or of a coagulum containing white blood corpuscles were imbedded in a medium consisting of 1 cc. of chicken plasma, 1.5 cc. of Tyrode solution containing 10 per cent embryonic i Carrel, A., and Ebeling, A. H., J. Exp. Med., 1921, xxxiv, 317; 1923 , xxxvii, 759. 2 Carrel, A., and Ebeling, A. H., J. Exp. Med., 1923 , xxxviii, 487. 3 Carrel, A., and Ebeling, A.H., unpublished experiments, 1923 . 4 Carrel, A., J. Exp. ivied., 1922 , xxxvi, 385. Carrel, A., and Ebeling, A. H., J. Exp. Med., 1922 tissue juice, and 1.5 cc. of Tyrode solution, according to a technique previously described. 5 After 2 days incubation, 1 cc. of serttm diluted with its volume of Tyrode solution was introduced into the flask. After 3 or 4 days, the fluid was aspirated and replaced by 1 cc. of pure Tyrode solution for 24 hours when diluted serum was again placed in the flask. After a few hours, a great many ameboid cells wandered from the original fragment and invaded the culture medium. The polymorphonuclear cells disappeared after a short time, and lymphocytes and large mononuclear ceils migrated through the coagulum as individual units without any tendency to form a tissue. As the experiments were performed early in the development of the special culture method utilized, several contaminations or other accidents occurred, and only a few cultures were successfully observed for more than a month.
Two cultures were prepared in D flasks, 5 cra. in diameter, which contained one and three fragments of spleen about 1 sq. ram. in area. The migration and multiplication of the cells proceeded slowly. The rate of multiplication increased temporarily each time fresh serum was added to the medium. The wandering cells invaded the medium at first on one plane in an orderly fashion, each cell being separated from the neighboring cells by practically regular intervals. Later, they grew on three or four planes (Fig. 1 ), but without any contact or tendency to tissue formation. They accumulated around a few foreign bodies which were in the medium, as they generally do in vivo. After 30 days, practically the entire medium was invaded by the wandering cells. They covered a circle about 45 ram. in diameter, that is, an area of about 2,000 sq. mm. As the surface area of the original fragment of spleen was about 1 sq. ram., it was evident that the lymphocytes must have multiplied. In other cultures, small islands of lymphocytes appeared at a distance from the original fragment of spleen. The growth of these islands could be readily observed, showing that the spreading of the cells is due to the multiplication, and not merely to the migration, of cells contained in the original fragment of spleen. There is no doubt that the number of lymphocytes increased immensely during their cultivation in serum.
One of the cultures died of bacterial contamination after 36 days. As soon as the infection was detected, the fluid part of the medium was removed, the cultures were washed in Tyrode solution, fixed in formalin, and stained with eosin-azure. Many of the cells were dead and had become round when the culture was fixed. No polymorphonuclear elements were seen. All the cells appeared to be lymphocytes and large mononuclear cells (Fig. 2) , with fibroblasts at the site of the original fragment.
In the second culture, the coagulum became detached from the bottom of the flask after the 34th day. The cells were in full activity. Some of the fragments of the coagulum were fixed and stained. The cells proved to be mononuclears and were large and active (Figs. 3 and 4) .
Similar experiments were made with leucocytes obtained from blood. After chicken blood had been centrifuged for 10 minutes, a few drops of a dilute solution of embryonic tissue juice were placed on the corpuscles. Coagulation occurred, and fragments from the film containing the white blood corpuscles were cultivated in D-5 flasks. The fluid part of the medium was composed of Tyrode solution containing 30 per cent normal serum, and was renewed every 3 or 4 days. After 21 days, cells resembling lymphocytes had invaded practically the entire culture medium. They stopped at about 0.5 cm. from the edge of the flask, and died 10 days later.
Action of Lymphocytes and Large Mononuclear Cells on Fibroblasts Contained in a Medium
Composed of Serum.--Previous experiments have shown that when a fragment of spleen is placed at a short distance from a culture of fibroblasts, the rate of multiplication of the fibroblasts is markedly increased, 6 owing to the secretion of growth-promoting substances by the leucocytes. It was found also that leucocytes do not live more than 10 days in Tyrode solution. ~ This means that in a non-nutrient medium, they exhausted their reserves in from 7 to 10 days. It follows that, if leucocytes cultivated in blood serum for more than 10 days are able to increase in rate of migration and multiplication of fibroblasts, it would indicate that the material used by them in the elaboration of the growth-promoting substances must come from the serum.
e Carrel, A., unpublished experiments, 1922-23. In a D-5 flask, a fragment of spleen was placed 12 mm. from a fragment of a pure culture of fibroblasts. As the fluid part of the medium was composed of pure serum, the fibroblasts stopped proliferating after 5 days. Meanwhile, the leucocytes slowly invaded the medium and reached the neighborhood of the colony of fibroblasts. By the 9th day, the fibroblasts had become very large and their cytoplasm was dark and loaded with fat granules. Serum was now added to the medium and the lymphocytes proliferated very actively and some of them reached the fibroblasts. During the following days, the appearance of the fibroblasts changed. They became slender and elongated at the same time that the cytoplasm decreased in volume, and they again begun to proliferate actively, as indicated on the curve (Table I and Text- fig. 1 ). The number of leucocytes increased greatly and, on the 12th day, a great many began to die, owing probably to the accumulation of too large a number of cells in a comparatively small area. The fibroblasts were then quite refreshed and in full activity (Text- fig. 1 ). A spontaneous rejuvenation of fibroblasts after they had been cultivated in serum for 8 days and had undergone degenerative changes has never been observed previously. It can be attributed to the nearby presence of lymphocytes acting upon the fibroblasts. The rate of proliferation of fibroblasts has been observed to increase several fold when they grow near colonies of lymphocytes. In the above experiment, an allied phenomenon took place. As it appeared after the lymphocytes had been cultivated in serum for more than 10 days, it may be assumed that the growth-promoting principle secreted by these latter cells must have been elaborated from substances contained in the serum, and not from their own reserves. DISCUSSION. These experiments have brought to light the following facts: lymphocytes are able to live and multiply in a medium containing only blood serum, which does not suffice for the purpose in the case of fibroblasts. The presence, under certain conditions, of lymphocytes and large mononuclear cells in the neighborhood of a culture of fibroblasts in serum markedly increases the activity and the duration of life of the fibroblasts.
Since lymphocytes and large mononuclear cells cultivated in serum proliferate and manufacture substances which enable fibroblasts to grow, they appear to be endowed with a function of primary importance in the nutrition of the tissues. It is known that fibroblasts and epithelial cells do not synthetize protoplasm when cultivated in serum, while they obtain certain substances from embryonic tissue juice which determine an immense proliferation. As leucocytes secrete substances possessing the same growth-activating properties as embryonic tissues, it was conjectured that fibroblasts and epithelial cells, elements which cannot survive permanently on the substances contained in serum, are maintained through the action of the white cells of the blood. 4 More than 30 years ago, Renaut was lead by his anatomical studies to assume that the lymphocytes bring to the fixed cells the food material which they needJ Recently, Jolly s concluded from his investigations of the influence of starvation on the lymphoid apparatus, that lymphocytes store important chemi-7 Renaut, J., Trait6 d'histologie pratique, Paris, 1893 , i, pt. 2, 968. s Jolly, J., Compt. rend. Soc. biol., 19~0, lxxxiii, 1209 cal substances which are used by the organism more readily than are the materials from other tissues. Previous experiments ~ have shown that some of the substances secreted by leucocytes in vivo and in vitro have the same properties as embryonic tissue juice, and determine the multiplication of fibroblasts.
In the experiments described in this article, the source of the nitrogen used by the white cells in the manufacture of the essentials which promote the growth of the fibroblasts was investigated, and it appears that lymphocytes and large mononucleur cells find in blood serum all that is necessary for their proliferation and the elaboration of their secretions. They probably manufacture from certain compounds present in serum the food material which fibroblasts and epithelial cells require for their proliferation. Thus, they may be supposed to act as food transformers.
CONCLUSIONS.
It may be concluded that, under the conditions of the experiments: 1. Lymphocytes and large mononuclear cells can live and increase greatly in numbers in blood serum, while fibroblasts are not capable of doing so.
2. While living in serum, lymphocytes and large mononuclear cells manufacture and secrete substances which may be used as food material by the fibroblasts.
3. It is probable that lymphocytes and large mononuclear cells synthetize from the nitrogenous compounds contained in serum the substances which fibroblasts and epithelial cells require for their multiplication. 9 Carrel, A., J. Exp. Med., 1922, xxxvi, 385. 
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